The word "test" is used in a more general sense to describe the process of eliciting evidence of any kind from a patient, and this paper explores the thesis that much evidence is unnecessary and that therefore much test reduction is possible. The value of test reduction can be measured by its efficiency-that is, its effect on the misclassification of disease-or, preferably, by some measure of its cost-effectiveness.
MEDICAL PRACTICE Mathematics and medicine
Test reduction: I Introduction and review of published work W I CARD, P A EMERSON Summary and conclusions The word "test" is used in a more general sense to describe the process of eliciting evidence of any kind from a patient, and this paper explores the thesis that much evidence is unnecessary and that therefore much test reduction is possible. The value of test reduction can be measured by its efficiency-that is, its effect on the misclassification of disease-or, preferably, by some measure of its cost-effectiveness.
We propose to examine the thesis that much medical evidence that doctors elicit is unnecessary and could safely be reduced. A word is needed to describe this process of eliciting, by whatever means, an element of evidence, and we use the word "test," its application being extended from its more usual restriction to a laboratory "test" to include items from the patient's history, responses to treatment, etc. To obtain evidence the doctor applies a test. But the test has a cost in terms both of money and of inconvenience or even danger to the patient. Tests For the element of evidence provided by the result of a test the word "indicant" has been proposed by Card and Good.' Given the set of indicants, the patient can be allocated with a certain probability to a disease class and a prognostic class. Allocation to a class follows a sequence of decisions entailing the choice of certain tests; the mathematics needed are those of probability and decision theory.
Initially the doctor is seeking evidence relevant to a hypothesis that a certain "disease" is present. To elicit evidence he asks questions; performs a physical examination; and may order various laboratory, radiological, and special examinations. In our terminology all these are tests, and each test produces one of a set of results that are more or less characteristic of particular aspects of the disease process-for example, the set of enlargements of the spleen or the set of values of the serum cholesterol. Each such test supplies evidence that alters the probability that the patient belongs to one class rather than another according to some method of inference. This sequential decision procedure continues until ultimately the doctor makes a decision on treatment. The effect of treatment may itself provide further evidence -hence the phrase "a therapeutic test." We could even argue that a necropsy is a test; the evidence, though of no value to the dead patient, might be of great value to the community. We will consider methods of combining the evidence from several tests at greater length in future sections.
Review of published work ALLOCATION TO A DISEASE CLASS
In the past 20 years several papers have been published showing that test reduction is possible. One of the earliest was a careful study by Zieve and Hill2 of nine liver function tests performed on a large group of normal people and also on a group of 41 patients with cirrhosis of the liver of varying severity. Using a linear discriminant function, they showed that four tests discriminated normal subjects from cirrhotic patients as accurately as nine tests. Wilson et al3 analysed the radiological signs that were most helpful in distinguishing between benign and malignant gastric ulcer. They were able to reduce an original set of 70 variables to 17. Using this reduced group they correctly diagnosed all of a new series of 14 ulcers. In the diagnosis of patients with upper abdominal pain Scheinok and Rinaldo4 chose 11 attributes and then examined all possible subsets from three, the minimum necessary to diagnose six diseases, to 11. In this way they showed that six attributes carried nearly all the information contained in the original 11. In a similar type of study Youker et al5 investigated the appearances that differentiated benign and malignant polyps of the colon and showed an 83% accuracy in differentiation when they used seven attributes. They then investigated all possible sets of three and found that most polyps fitted into relatively few combinations and that some of these were very powerful.
In a survey of 1238 patients Pipberger et a16 investigated the amount of information necessary to distinguish causes of chest pain. The symptoms, signs, and results of laboratory tests (which included 429 questions with "yes-no" answers) amounted to 498. To differentiate between four diseases only 55 items were found to be necessary. When the disease groups were reduced to two, coronary artery disease and pneumonia, they could be separated by discriminant function analysis with only six tests. Influenced by the original work of Scheinok and Rinaldo,4 Bouckaert7 sought for subsets of symptoms for diagnosing five kinds of goitre. Using 12 clinical symptoms, he examined the diagnostic information for each set of three symptoms using measurements of uncertainty. In his search he used a stepwise method, though realising that this did not necessarily identify the best set of symptoms. The triad he obtained proved only slightly less accurate than the conventional Bayesian method using all 12 symptoms.
Spicer et a18 investigated the number of variables needed to discriminate between two non-specific inflammatory diseases of the large bowel, proctocolitis and Crohn's disease. From 91 possible variables they found, by a stepwise linear discriminant analysis, that seven variables carried most of the discriminating information; further study, which took their interdependence into account, reduced the number to five. The authors suggested that this empirical procedure was a possible method for other diseases. In a study designed to identify patients with hysteria, Woodruff et all reduced the original 60 symptoms used to 14. This reduced number, arranged in a decision "tree," gave results comparable to the more extensive and lengthier interview normally used. They suggested that the method could serve as a screening procedure. Krypsin and Norwich'0 used an application of information theory to reduce the number of symptoms needed, and showed that in the analysis of brain tumours 41 variables could be reduced to eight with minimal loss of information. In a study of the differentiation between "medical" and "surgical" jaundice Teather" showed that the original set of 64 variables could be reduced to four without any increase in misclassification. Gardner and Barker'2 sought a rule for referring to hospital for biochemical tests patients who had been treated with radioactive iodine and who had been sent a postal questionnaire with nine items relating to hypothyroidism. They tried several refined statistical techniques but found that a simple rule, that of referring any patient with four or more symptoms, proved the method of choice.
BRITISH MEDICAL JOURNAL 23 AUGUST 1980 cranial aneurysm could be estimated from the length of survival from the last haemorrhage and the clinical grading of the patient at examination. Bevegaard et all8 in predicting the outcomes of survival or death in acute myocardial infarction observed 24 cardiorespiratory variables in 19 patients. Using discriminant function analysis, they showed that most of the information needed to separate the two groups was contained in three items. Helmers"l studied both the short-term and the long-term indices of prognosis in acute myocardial infarction. The final indices, which were tested prospectively, contained few factors and pointed to considerable test reduction.
Measurement of success in test reduction
The degree to which tests can be reduced is therefore considerable and we require methods for assessing the value of such reduction. They may be classified under the headings of efficiency and cost effectiveness. A basic concept is that of utility. By this concept we postulate that a number can be attached to any state of health that in some way represents its value or worth, and is called a utility. If an effective treatment is given to a patient there will, on average, be a gain in utility. If, owing to misclassification-that is, a misdiagnosis-the wrong treatment is given, no gain but even a loss of utility may result; this loss can, in principle, be measured. An example is the treatment of an ulcer in the stomach, which is either benign, and should heal with simple medical treatment, or malignant, and requires operation. There is then a loss of utility if the malignant ulcer is called benign and is treated medically so that potentially curative surgery is delayed. But there is also a loss of utility if a benign ulcer, which would have healed completely, is operated on unnecessarily.
But this analysis is insufficient since we have to balance the benefits, the gains in utility, against the costs of treatment. These costs have to be considered as monetary costs and what may be called biological costs, which include pain and danger to life. If the balance is to be assessed the utilities must be measured in the same units as the costs, which means that we have to find a monetary equivalent to each state of health or devise some other method to avoid this difficulty.
In the above example concerning the distinction between a benign and a malignant gastric ulcer, an additional test could be endoscopy of the stomach. This test will, on average, improve accuracy and thus reduce misclassification, and this in its turn will improve the chances of successful treatment. There will thus be a gain in expected utility, where "expected" is the technical term for "on average." This gain in expected utility has now to be set off against the cost of the test. The gain in expected utility for ordinary treatment divided by its cost can be compared with the gain in expected utility from the additional use of endoscopy divided by the increased cost. If this second fraction is greater than the first the test should be included, otherwise its inclusion cannot be justified. This problem is dealt with further in the third paper in this series. This is the first of three papers in this series.
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Are there any health hazards associated with using unlined cast-iron cooking pots? I understand the haemosiderosis prevalent in southern Africa is associated with the use of iron cooking pots ?
In Britain legislation issued by the Department of Prices and Consumer Protection safeguards the public from specific health risks associated with cooking utensils. Unlined cast-iron cooking pots are not, however, mentioned in this legislation and are not thought to present any specific risks. Although the iron overload described in adult Bantu has been attributed to the preparation of acid-fermented foodstuffs in iron utensils-for instance, porridge (marewa) and kaffir beer-malnutrition and infections may also be important What is the mechanism of the Babinski reflex ?
There are wide gaps in our knowledge of the neurophysiological basis for many of the physical signs we elicit during a neurological examination, and, although there are many theories conceming the Babinski reflex, the precise mechanism is uncertain.' What may be stated with certainty is that, other than in infants, the presence of a Babinski Three Indian children all suffer from severe eczema that has been treated in the normal way with an avoidance of allergens, in this case milk, and with emulsifying ointment and 1% hydrocortisone when necessary. Their skin, however, has improved since the mother used an Indian treatment of mustard oil. This had cured one of her other children in the past, and she finds it more effective than the emulsifying ointment. Is this treatment common, and is there any suspicion of carcinogenic action of the mustard oil?
This treatment is used as a "village medicine" in some parts of the Indian subcontinent. The type of mustard oil used is bland, not irritant, and there is no evidence of carcinogenicity. The Indian Pharmacopoeia also specifies Brassica juncea as the source of expressed mustard oil that can be used as a mild rubefacient.
